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Introduction microscopy (STM). A single-crystal WSe 2 substrate was cleaved by scotch tape to expose a clean surface immediately before being introduced into the vacuum chamber for characteri-102 zation and thermal deposition of C 60 . STM images of the clean WSe 2 surface are shown in The sample was then cooled to 55 K for STM imaging, which showed that the fullerenes 111 self-assemble into a close-packed hexagonal layer on WSe 2 , as seen in Fig. 1d . Because the 112 sample is well below room temperature, the thermal motion of the molecules is minimized so 113 that they can form a stable island with clear boundaries and long-range ordering. We note 114 that bulk C 60 crystals, which pack in a face-centered cubic (fcc) lattice, have fewer rotational 115 freedoms below 260 K, and have their orientational alignments frozen below 90 K. 47, 48 In 116 our experiments, the substrate is at room temperature during thermal deposition of C 60 , 117 allowing sufficient energy for the molecules to rotate and interact. The entire C 60 /WSe 2 118 system is then gradually cooled to 55 K, so that the optimal molecular configurations are 119 stabilized before STM imaging.
120
The apparent height of the molecules is about 1 nm, as shown in the line profile labeled 121 '1'. This height is similar to that of a C 60 monolayer grown on NaCl crystals on Au(111), and 122 is higher than the ∼0.6-0.7 nm observed for C 60 on Au(111). 38 The inset of Fig. 1d shows a 123 2D fast Fourier transform (FFT) of the C 60 region, with sharp points in a hexagonal pattern.
124
The distance from the center to each point is approximately 1.0 nm −1 , corresponding to a 125 periodicity of approximately 1.0 nm between molecules. This close-packed arrangement of 126 the C 60 on WSe 2 is similar to its arrangement on other substrates such as graphene, 15,49 bonds with the surface and do not form well-ordered layers, 50-52 although multilayers of C 60 130 can form ordered lattices. 53 131 We observe large islands of C 60 (Fig. 1e ) with dimensions up to ∼5 µm. In contrast, 132 molecular islands of C 60 on other substrates in the literature tend to be less than 100 nm 133 in diameter. 15, 38, 46 We observe some instances of molecules freely moving across the WSe 2 134 surface with the same apparent 1 nm height, such as the ones in the line profile labeled '2' 135 in Fig. 1f , confirming that our molecular islands are indeed monolayers of C 60 rather than 136 bilayers. Line profile '3' is taken at the edge of a molecular island.
137
In the high-resolution STM images of Fig. 2 , the individual C 60 molecules appear to 138 have submolecular structure, relating to the complex shape of the electronic orbitals in the 139 molecule. The distance between adjacent C 60 molecules is approximately 1.0 nm (see line 140 profile in Supporting Information, Figure S3 ). We can identify four individual configurations 141 of C 60 , as highlighted by the circles labeled i, ii, iii, and iv in Fig. 2a . Each of these molecules 142 is enlarged and cropped in Fig. 2b to more clearly show their distinct appearances. Since 143 sample bias is +2.0 V in these images, these orbitals are likely to correspond to empty states 144 (lowest unoccupied molecular orbitals, LUMO).
145
To understand the variations of the appearance of each C 60 molecule on WSe 2 , we have Information for details). As described below in detail, we can identify the most likely inter-149 face geometry as indicated in each simulated STM image in Fig. 2b . We have simulated the 150 STM images for more than ten different configurations of C 60 on top of WSe 2 (see interfacial molecule seems to follow these symmetry rules even at the limit of full surface cov-155 erage. Indeed, looking closely at this limit we notice that these orbital appearances also form 156 a 2×2 superlattice, as highlighted in Fig. 2c . Each of the appearances i-iv is highlighted in 157 each panel, with the circles indicating the repeated molecules. It is clear that each molecular 158 appearance arises in the self-assembled monolayer of C 60 every two molecules ( Fig. 2c, panel   159 i) to form a hexagonal pattern. In this 2×2 superlattice the distance between nearest neigh-160 boring molecules is 9.89 Å, which is close to the vdW distance in C 60 bulk crystals. 54 We 161 emphasize here that this 2×2 superlattice is observed in a monolayer of C 60 , while previous relative to the WSe 2 structure, resulted in sixteen different arrangements as shown in Fig. 3 . 176 We clearly observed the role of vdW dispersion forces in the stabilization of the C 60 /WSe 2 177 interfaces as we compare Fig. 3a and 3b . There is an enhancement of the stability in the one eigenvalue to another, not only for n = 4, 7, but the orbital symmetry involved at each 261 molecule is kept the same (see Fig. S2 ). In particular, all the eigenstates marked in Fig. 5a at 262 the bottom of the conduction band in the range of 0.45 eV to 1.12 eV inside of the band gap 263 of the WSe 2 surface have similar electronic characteristics. Integrating these states through:
gives their spatial distribution in terms of the local density of states as shown in Fig. 5d .
266
The quantity ρ(r, E) reproduces closely the main features observed in the measured STM 267 images (Fig. 2) , where every other molecule has the same molecular orbital distribution 
